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(54) OPTICAL PICKUP DEVICE 

(57) An optical pickup device includes: a semicon- 
ductor laser (1 ) selectively generating a laser beam (25) 
with a wavelength of 635 nm and a laser beam (27) witti 
a waveler>gth of 780 nm: and an optical device (5) hav- 
ing a central region (5b) in which a hologram (20) is 
formed and a peripheral region (5a) in wtvch a diffrac- 
tioh grating (21) is formed. Optical device (5) is 
ananged irnmediately below an objective lens (7). Cen- 
tral region (5b) allows transmission of the laser beam 
with the wavelength of 635 nm without any diffraction, 
but increases the diameter of the laser beam with the 
wavelength of 780 nm by diffraction. On the other hand, 
peripheral region (5a) allows transmission of the laser 
beam with the wavelength of 635 nm without any cfiffrac- 
tion. but substantially shields tiie laser k>eam with the 
wavelength of 780 nm by diffraction. Thus, all of laser 
beam (25) -with the wavelength 635 nm is transn]iitted 
through objective lens (7) and focused on a signal 
recording surface (9a) of a DVD (26). The periphery of 
laser beam (27) with the wavelength of 780 nm is signif- 
icantly diffracted by peripheral region (5a) of optical 
device (5) and only the central F>ortion of laser beam 
(27) enters objective lens (7) while increasing its diame- 
ter. Thus, laser beam (27) with the wavelength of 780 
nm is focused on a signal recording surface (99a) of a 
CD-R or a CD-ROM (31). Therefore, the optical F»ckup 
device is capable of conpata>ly reproducing the DVD. 
CD-R and CD-TOM. 
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Description t 
Technical Field 

5 10001 ] The present invention relates to optical pickup devices and. more specif cally. to an optical pickup device per- 
forming recording and/or reproducing for a digital video disk (a DVD) and a compact disk<a CD). 

Technical Bad^round 

10 [0002] An optical disk with a thickness of about 1 J2. mm. such as a CD-ROM {Conrpact Oisk-ftead Only Memory), has 
been provided for reading infomrtation using a semiconductor laser. In thte type of optk^al disk, by perfomiing focusing 
servo control anti tracking servo control tor ah objective lens tor pk:kup. a pit string of a signal reoorcfing surface is irra- 
diated with laser beam to reproduce a signal. Recently, such optical disks are increasingly becoming higher in density 
fbr recording an animatk)n lasting tor a long period of time. 

15 [0003] For exanrple. a DVD standard has been proposed for recording information of bytes on one side of tfie 
optical disk having a diameter of 12 cm. which is the same as that of theCD-BOM. A transparent substrate of the OVD 
has a thickness of about 0.6 mm. A single DVD. which has two such transparent sii>strates appTied to each other back 
to tMCk, can record information of 9.4 G Isytes. Further, as a write-once optical disk having the same diameter. tNckness 
of substrate and recording density as those for the CD-ROM. there exists a CD-R (Compact Oisk-Recoidabie). 

so [0004] Since three different types of optical disks, including the DVD. the CD-ROM and theCD-R. would exist in the 
same apparatus in the near future, a device capalsle of compatibly reproducing these three different types of optical 
disks is required. The DVD and the CD-ROM or the CD-R. however, oaiinot t>e reproduced l>y a single optical pickup 
device because of the difference in thicknesses of the transparent substrates. 

[0005] Then, in Japanese Patent Laying-Open No 5-303766. an apparatus has been proposed wfiich alksws repro- 
2S duction of a high density optical disk having a thin transparent substrate with a thickness of 0.6 mm and a starxjard den- 
sity optical disk having a standard transparent substrate with a thickness of 1 ^ mm by using a single optical pickup 
device. In the apparatus, an objective lens a numerical aperture of 0.6 is empfoyed which has tDeen designed to 
reproduce the high density optical disk by a laser beam with a short wavelength. When the standard density optical disk 
is to be reproduced, an aspherical optical device is inserted on the side of a light source of the objective lens which is 
30 provided with an aperture for shielding the (periphery of laser iDeam to decrease an effective numerk^l aperture of the 
oksjective lens. 

[0006] Moreover, to change the effective numerical aperture of an abjective lens selectively shielding the periphery 
of laser beam emitted from a semiconductor laser to collect laser beam, an apparatus h^ tDeen disclosed in Japanese 
Patent l^ying-Open No. 8-321065 which is provided with a liquki crystal selectively rotating the plane of polarizatfon of 
35 laser beam and a polarizing plate allowing transmission of only laser fc>eam which is polarized in a specific directk>n. ard 
which can compatiksly reproduce optical disks having substrates with different thicknesses. While the apparatus can 
corrpatS^ly reproduce the DVD and the CD-ROM hiaving sutistrates of different thickneases. it canrvA repioduce the 
CD-R as a laser beam with a wavelength of 635 run is employed. The reason is as follows. 

[0007] Fig. 1 is a diagram showing a relation between a pit depth and intensity of reflected light for every laser beam 
40 with a different, wavelength. As shown in Rg. 1 , when tfie laser beam with a wavelength of ^635 nm is emptoyed, the 
intensity of reflected Rght is the highest with the pit depth of about 105 nm. On the other hand, when laser t>eam with a 
wavelength of 780 nm is employed, tlie intensity of reflected light is the highest with the pit depth of about 125 rwn. In 
the case of the CD-R. reflectance significantly changes with the wavelength of laser beam as organic dye is used lor a 
recording film and a sufftoierrt intensity of reflected light cannot be obtained using a single-wavelength laser with a 
45 wavelength of 635 nnrt. Thus, the CD-R cannot be suitataly reproduced. Theirefore. a two wavelengths to beam laser is 
•required for the optical pickup device capable of corrpatikrfy reproducing the DVD and theCD-Ror theCD-f)OM. When 
laser beam with a wavelength of 430 nm would be employed due to tfie trend of shorter wavelength in the near future, 
such a two wavelengths to beam laser would be even more Ngfily required. 

[0008] Therefore, rt is an object of the present inventton to provide an optical pickup devk:e capable of performing 
so recording and/or reproducing for optk:al disks having substrates with different thk^knesses by using a laser beam with 
two c£fferent wavelengtfis. 

Disclosure of the Invention 

55 [0009] According to the present invention, an optical pickLp devk:e performing recording and/or reproducing for a first 
optical disk having a first transparent substrate and a second optk;al disk having a second transparent substrate with a 
thickness which is smaller than that of the first transparent substrate irx;ludes an objective lens, a laser beam generat- 
ing means and an optical device. The ot^ective lens is arranged opposite to the first or eeoond optical disk. The laser 
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beam' generating means selectively generates a first laser beam with a first wavelength and a second laser beam with 
a second wavelength which is different from the first wavelength. The optical device includes: a central region arranged 
between the objective lens and the laser beam generating means, allowing transmission of the first laser beam without 
any change and increasing the diameter of the second laser beam by diffraction; and a peripheral region alkwing trans- 
mission of the first laser beam without any change and substantially shielding the second laser beam by diffraction or 
at>sorption. 

[0010] Preferably, a hologram is formed in the central region of the optical device. 

1001 1 1 More preferably, the hologram includes a plurality of annular convex portions each having four steps and ooax- 
lalty formed, where a height hi of each step is deterrrtned in accordance with the foDowing expressions (1) to (5). 

^„.hjA(x)expr.«x)}exp{<?^ 0) 



IS 
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if O^x^^^ ♦(x)=0 
4 

if I^x^— 4<x) = ^(n-no>l = *o(constanO 
4 2 X. 

if 1^x^4t <Kx) = ^(n-»«>»l = 2*« 
2 4 A 

if 4t^x^T ♦(x) = ^(n-no)hl = 34v, 
4 ^ 



•<2) 



SO 

ifm»0 . 

, » ^ ((1 +COS*(x) + COS2^(x) + COS3«x))2 ^ {SIN<.(x) + SIN2«x) + SIN3«x))^} (3) 

55 

ifmo-l 

^ ^ « . COSM)^ . COSZ^x) + COS3«30 - SIN^M + SIN2*(x) + SIN3*(^) ^ 

+ (1 COS*(x) . GOS2*(x) - COS3*M - SIN«x) - S\HZ^{^ + SI^43♦M) ^} 



ifm = 1 



^ , « -L {(1 - COS«x) - COS2«x) + CX)S3«x) - SIN^x) + SIN2«x) + SIN3«x)) 
4ti 

+ (1 + COS«x) - COS2«x) - COS34><)0 + SIN^(x) + SIN2Wx) + SIN3«x)) ^) 



<5) 
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[001 21 Here T,m is mth oider diffraction efficiency. <Mx) is a function of phase difference defined by expression (2). T 
s a oeriod of the function of phase difference. A(x) is transmrttance. X is the f irst or second wavelength, n s refractive 
ind« of the annular con^^ex portion, no is refractive index of the perip^ 

slant* I _i_ • 

[00131 Preferably, a refraction grating is fanned in the peripheral region of the optical demca 

[00141 More preferably, the diffraction grating has varying grating constants. 

001 g Preferably, the laser beam generating means polarizes the first laser beam m a first direction and the second 
laser beam in a second direction which is different from the first direction. In the peripheral region of the optical device. 
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a polarizing f itter is formed having a polarizing direction which is perpendicular to the second drection. 

[001 61 Preferably, a polarizing glass formed in ttie peripheral region of the optical device which absoibs the laser 

beam with the second wavelength. 

[001 7] Preferably, the laser beam generating means is a semiconductor laser including a package and first and sec- 
5 ond laser chips. The first laser chp is arranged within the package and osciUates the first laser beam. The second laser 
beam is arranged within the pactege and osdllates the second laser beam. 

[001 8] More preferably, the optical pidoip device moves along two parallel guide shafts provided in a radial direction 
of the first or second optical disK and includes a rising mirror and a body. The rising mirror is arranged immediately 
below the objective lens and the optical device, and reflects the first or second laser beam directed from the semioon- 
10 ductor laser in a direction v^ich is parallel to the main surface of the first or second optical disk in a direction whk:h '6 
perpendicular to the main surface of the first or second optical disk. The body is supported between the two guide 
shafts and the objective lens accommodates the optk:al device, the semiconductor laser and the rising minor. An optical 
axis of the laser beam entering the rising ninor is angled with respect to a perpendicular relative to the two guide shafts 
to form an acute angle. 

15 [00191 More preferably, a line passing emittance openings of the first and second laser chips is angled with respect 
' to the main surface of the first or second optical disk to form an acute angle which is equal to the above mentioned acute 
angle. 

[00201 Preferably, the optk;al pickup device further includes a collimator lens ananged between the optical devk:e and 
the semiconductor laser. The first laser chip is spaced by a first distance from the collimator lens -such that the first laser 
20 beam traremitted through the collimator lens is collimated. The second laser chip is spaced by a second distance, 
which is different from the first distance, from the collimator lens such that the second laser beam transmitted throu^^ 
the collimator lens is collimated. 

[0021] Preferably, the semicorxluctor laser further includes an optical waveguide. The optical waveguide ir^udes a 

f iist incident opening fadng the emittance opening of the first laser cNp. a second incident opening facing the emittance 
25 Opening of the second laser cNp and an emittance opening oommunk:ating with the f ir^ and second incident openings. 

[0022] Preferat>ly. the first and second laser chips are arranged such that or>e sUes thereof are adjacent to each other. 

The distances between the emittance openings of the fir^ and second laser chips and the one sides are respectively 

shorter than the distances between the emittance openings and the other sides opposite to the one sides. 

[0023] Preferably, the semiconductor laser further includes a photodetector arranged on the side opposite to the side 
50 of emittance of the first and secorxJI laser chips for monitoring both the first and second laser beams leaked from the 

first and second laser ch^. 

[0024] Preferably, the semiconductor laser further includes first to fourth terminals. The first terminal isxx)nnected to 
one electrodes of the first and second laser chips and the photodetector. The secorvl terminal is connected to the other 
terminal of the second laser chip. The third terminal is connected to the other electrode of the second laser chip. The 
35 fourth terminal is connected to the other electrode of the photodetector. 

[0025] Preferably, the first wavelength is between 620nm and B80nm and the second wavelength is between TGSnm 
and 795nm. 

[0026] Preferably, the objective lens is adapted to the first optical disk and has a numerical aperture of k>etween 0.55 
and 0.65. 

40 [00271 Preferatsty. the objective lens has an effective numerical aperture of between 0.40 and 0.50 upon incidence of 
the second laser beam. 

[00281 Thus, In recording and/or reproducing of the first optical disk, the first laser beam is transmitted through the 
optical device without any change and focused on a signal recording surface of the first optk;al disk by the objective 
lens. On the other hand, in recording and/or reproducing of the second optk^ disk, the periphery of the second laser 
45 beam is substantially shielded by the peripheral region of the optical devk:e and the diameter of the central portion of 
the second laser beam is increased by the central regk>n of the opticcU device, so that the second laser beam is focused 
on the signal recording surface of the second optical disk by the objective lens. Ihus, the optiCEd pickup devk:e is capa- 
ble of performing recording arxi/or reproducing for the first andi second optical disks liaving 8ut>sb'ates with different 
tNcknesses. 

so 

Brief Descr^on of the Drawings 
[0029] 

S5 Fig . 1 is a diagram showing a relation between a pit depth of an optical disk and intensity of light reflected therefrom 
for e^^ery laser beam with a different wavelength. 

Rg. 2 is a diagram showing a structure of an optical pk;kup device in accoidance with an embodiment of the 
present inventkxi. 
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Fig. 3 is a block diagram shewing art overall arrangemenl of an optical disk reproducing apparatus including the 
optical pickup device shown in Fig. 1 . 

Fig. 4 is a top view showing a structure of a semiconductor laser shown m Fig. 2. 
Fig. 5 is a top view of an optical device shown in Fig. 2. 
Fig. 6 is a cross sectiorial view of the optical device shown m Fig. 5. 

Fig. 7 is a diagram showing an optk:al path when a laser beam wilh a wavelength ol635 nm enters the optical 
device shown in Figs. 5 and S. 

Figs. 8 to 12 are diagrams showing optical paths when a laser beam with a wavelength of 780 nm enters the optical 
device shown in Figsl 5 and 6. 

Fig. 1 3 is a cross sectional view showing in enlargement a central region of the optical device shown in Fig. 6, 
Fig! 1 4 is a cfiagram showing a function of phase difference used for determining a height of each step of annular 
convex portions in a hologram shown in f=ig. 13. 

Fig. 15 is a diagram showing a relation between a height of each step of annular convex portions in the hologram 
arxj 0th and ± first order diffraction efficiencies for the laser k>eam with the wavelength of 635 nm. 
Fig. 16 is a diagram showing a relation between a heigfH of each step of annular convex portions in the hologram 
arxJ Oth and ± first order diffraction effidencies for the laser beam with the wavelerigth 
Fig. 17 fe a diagram collectively showing the cfiffraction efTciendes shown in Figs. IS and 16 for determining the 
height of each step of annular convex portions. 

Fig- 18 fe a diagram showing an optical path of the laser beam with the wavelength of 635 nm in reproducing aOVD 
so by the optical pickup device shown in Fig. 2. 

Fig. 19 is a diagram showing an optical path of the laser beam with the wavelength of 780 nm in reproducing a CO- 

R or a CD-ROM by the optical pickup device shown in Fig. 2. 

Rg. 20 is a diagram showing one modif ication of the optical device shown in fig. 6. 

Figs. 21 to 28 are cross sectional views showing another modif ications of the optical device. ' 
2S Fig. 29 is a top view showing still another modiTication of the optical device. 

Figs. 30 to 33 are diagrams shewing optkal paths when the laser beam wwth the wavelength of 780 nm enters the 

optical device shown in Fig. 29. 

Fig. 34 is a top view showing still another modificajtion of the optkat devica 

Fig. 35 fe a diagram showing a polarizing direction of a polarizing f iter formed in the peripheral regk>n shown In Fig. 

so 34. . . 

Fig. 36 is a top view showing stOl another modificatkm of the optical devica 

Fig. 37 te a diagram partially showing in enlargement a polarizing glass in the peripheral region of the opCk»l devkse 

shown in Fig. 36. ^ 

Fig. 38 fe a diagram showing an optical system of the optical pickup devu» according to an embodiment of the 

35 present invention. . 

Fig. 39 IS a diagram showing a relation t>etween a focal length and a wavelength of a collimator lens shown in f=ig. 

38. 

Fig. 40A is a diagram showing an optical path when the laser beam with the wavelength of 635 nm enters the col- 
limator lens, and Fig. 40B fe a diagram showing an optical path when the laser beam with the wavelength of 780 
40 nmerrtersthe collimator lens. 

Fig. 41 A fe a diagram showing a nxxlification of the semiconductor laser wfth an optical path when the laser beam 
witii the wavelength of 635 nm enters the collimator lens, and Fig. 41 B fe a diagram showing an optical path when 
the laser beam with the wavelength of 780 nm enters the collimator lens from the senticonductor laser shown in 

45 Fig. 42 is a diagram showing a modif rcatton of the semiconductor laser with an optical system of the optical pckup 

devtoa . «- ^« 

Fig. 43 is a diagram showing a structure of the semiconductor laser shown m Fig. 42. 

Fig. 44A is a skJe view showing a modif Nation of the semiconductor laser, and Fig. 44B is a top view of the semi- 
conductor laser shown in Fig. 44A. 

so Fig. 45 is a diagram showing an arrangement of two laser chips in the semiconductor laser. 
Fig. 46 fe a diagram showing a nrwdification of the two laser chips in tiie semkxxidw 
Fig. 47 fe a diagram showing another modifkation of the two laser chips in the semfconductor laser 
Fig. 48 is a partially cutaway perspective view showing still another modification of the semiconductor laser. 
Fig* 49A fe a circuit diagram of the semiconduclor laser shown in Fig. 48. and Figs. 49B to 49D are anottw circuit 

55 diagrams. 

Fig. 50 is a diagram showing the optfcal system of the optical pfekup devk:e in aooordanoe with an embodiment of 

the present invention. ^ . . ' 

Fig. 51 A fe a top view of the optical pickup devfee. and Fig. 51 a fe a cross sectional view show 



5 



BNSOOCID: <ER ,09aee04Al J_> 



CP0936604A1 

deviceinf=ig.51A. 

Fig. 52A is a top view showing a modification of the optical pickup device, and Fig. 52B is a cross sectional view 
showing the optical pickup device in Fig. 52A. 

5 Best Mode for Carrying Out the Invention 

[0030] The embodiments of the present invention will now be descrtoed in detail with reference to the drawings. It is 
noted that the same or conesponding portions in the drawings have the sanne reference numerals and the descriptkyi 
thereof win not be repeated hera 

10 

[Standaid and Reproducing Condition for Subject Optnal Disl^ 

[0031] The following tat>le shows a rated value and a reproducing condition for a CD-ROM. a CD-f) and a DVD. whfoh 
are compatibly reproduced tiy an optical pickup devfoe according to an embodiment of the present inventioa 

15 



Type 


CD-ROM 


CD-R 


D\T) 




Substrate 
Thickness on 
Reading Side 


l.2rom 
(1.1-^ 1.3mm) 


1.2mm 
(l.l—l.Smm) 


0.€mm 
(0.65— 0.65mm) 


Valu 


Minimum Pit 
Length 


0.90)im 
(0.8--1.0|im) 


0.90|im 
(0.8- 1.0 Mm) 


0.40|iin 
(0.3— 0.5 Mm) 


Rated 


Track Pitch 


1.6/1 m 
(l.S'-l.T/im) 


1.6m m 
(IS— 1.7 Mm) 


0.74 Mm 
(0.73— 0.76 Mm) 




ReAectance 


At least 60^70% 


At leastSO- 70% 


At least 
70% 


20—40% 




Spot Diameter 


l.S/im 


1.5m m 
(1.4— 1.6 Mm) 


0.9 Mm 
(0.85— 0.95 Mm) 


roduci 
n ditio 


Numerical 
aperture 


0.45 
(0.40—0.50) 


0.45 
(0.40—0.50) 


0.60 
(0.55—0.65) 




Wavelength 


780 
(765—795) 


780 
<765-795) 


635 
(620-680) 



so 



25 



[0032] As Shown in the table, for the CD-ROM. a thickness of a substrate is 1.2<with tolerance of ±0.1)nrvn. a minknum 
pit length is 0.90 (with tolerance of i0.1)|im. a track pitch is 1.6 (with tolerance of ±0.1)Mm and a reflectance is at least 

40 60 % to 70% Ibr a laser beam with a wavelenigth of 780 nm. Further, a spot diameter of the laser beam during repro- 
ductkyn is 1 .5 (with tolerance of ±0.1 )Mm, a numerical aperture of an objecth^e leris is 0.45 (with tolerance of ±0.05) ani 
a wavelength of the laser beam is 780 (with tolerance of ±1 5)nm. TheCD-R has the same thkdoiess of substrate, min- 
inrum pit length, track pitch, reflectance, spot diameter during reproduction, numerica! aperture of ofayective lens and 
wavelength of laser beam as those for the atx>ve mentioned (^-flOM. 

45 [0033] On the other hand, for the DVD. a thickness of sulDstrate is 0.6 (with tolerance of ±0.0S)mm, a minimum pit 
length is 0.40 (with tolerance of ±0.1)Mm. a track pitch is 0.74 (with tolerance of ±0.01 )Mm and a reflectance is at least 
70% {in the case of one layer DVD) or at least 20 % to 40% (in the case of two layered DVD) for a laser beam with a 
wavelength of 635 nm. Further, a spot diameter of the laser beam during reproduction is 0.9<with tolerance of ±0.5)Mm. 
a numerical aperture of an objective lens is 0.60 (with tolerance of ±0.05) arxJ a wavelength of the laser beam i8*635 

so (with tolerance of 620 to 680)nm. 

[Structure of Optical Pickup Device] 

[0034] Referring to Fig. 2, an optical picktp devk;e 1 0 according to an embodiment of the present inventk>n includes: 
55 an objective lens 7 arranged opposite to an optical disk: a semiconductor laser 1 selectivety generating laser beans 
with wavelengths of 635 (with tolerance of ±15)nm and 780 (with tolerance of ±1S)nm; an optical de^^ S arranged 
immediately below objective ler^ 7; an actuator ^ holding bath objective lens 7 and optical devk« 5; a minor 4 arranged 
immediately below objective lens 7 and optical device 5 for reflecting a laser beam directed from semfoonductor laser 
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1 in a direction parallel to a main'surface of the optical disk in a direction perpendicular to the main surface of the optical 
disk; a half mirror 2 perpendicularly reflecting the laser beam directed from semicorxluctor laser 1 toward rising mirror 
4; a collinriator lens 3 arranged between rising mirror 4 and half min'or 2 for collimating the laser beam directed from 
semioonductor laser 1 ; and a photodetector 8 receiving the laser beam reflected by the optical disk. 

5 [0035] Thus, half of the laser beam emitted from semiconductor laser 1 is reflected by half mirror 2 toward collimator 
lens 3 for collimation and raised by rising mirror 4. The raised laser beam is collected by objective lens 7 through optical 
device 5 and focused on a signal recording surface 9a or 99a through a transparent sut)strate 9 of the DVD or a trans- 
parent substrate 99 of the CD mduding polycartx>nate. The laser beam reflected by signal recording surface 9a or 99a 
travels back to half mirror 2 through transparent substrate 9 or 99, objective lens 7, optical device 5, rrdrror 4 and colG- 

10 mator lens 3. Half of the laser beam is transmitted through half rrdrror 2 and detected k>y photodetector 8. 

[0036] Here, objective lens 7 is adapted to the DVD and has a ruimerical aperture of 0.60 (vtnth tolerance of ±0.05). 
In other words, objective l&is 7 is designed to focus the coliimated laser beam with the wavelength of 635 nm on signal 
recording surface 9a of the DVD. 

[0037] Semiconductor laser 1 further includes laser ch^ la arvj lb oscillating laser k>eams with the wavelengths of 
IS 635 nm and 780 nm. respectively. In reproducing the DVD. laser chip la is activated by a serrnoorxJuctor laser driving 
circuit 18. In reproducing the CD-ROM or the CD-R, laser dnip lb is activated by semiconductor laser driving circuit 18. 
[0038] As shown in Fig. 3. optical pkkjp device 1 0 further irx^ludes a servo mechanism 1 3 performing focusing control 
and tracking control for objective lens 7. The focusing control allows objective lens 7 to be perpendicularly moved with 
respect to the main surface of the optical disk such that the laser beam is always focused on signal recording surface 
• 20 9a or 99a. In addition, the traddrig control allows objective lens 7 to be perperxiiculariy rn^ 
tion in which a track is moved such that the laser beam is always directed on the track. 

[0039] An optical disk reproducing apparatus using the above mentioned optical pickup dovk^e 10 includes a pream- 
plifier 1 1 . a sen/o circuit 12, a determining circuit 14, an instructing circut 15. an RF demodulating circuit 16. a charac- 
teristic switching circuit 1 7, semiconductor laser driving circuit 1 8 and a control circuit 19. 

25 [0040] Photodetector 8 detects the laser beam reflected by signal recording surface 9a or 99a to generate a repro- 
duced signal, which is then applied to preamplifier 11. The reproduced signal is appDed to determining circuit 14. the 
RF derrxxiJulating circuit and servo circuit 12 after it is amplified by preamplifier 11. Servo circuit 12 controls a servo 
mechanism 13 in re^nse to a focusing error signal and a tracking error signal of the applied reproduced signal 10. On 
the other hand, determining drcuH 1 4 identifies the type (the DVD. CD-ROM or CD-R) of the optical disk nrK>unted to the 

30 apparatus in response to the applied reproduced signal, and ap^es the identiffcation result to instructing circuit 15. 
Instructing circuit 15 switches laser chips 1a and 1b of semioonductor laser 1 for adapting to the identified optical disk 
and thus applies an instruction to control circuit 19 in accordance with the applied identif icatton result. As instructing 
circuit 15 also switches RF demodulating circuit 16 for adapting to reproduction of the kientified optical disk and thus 
applies an instruction also to characteristic switching circuit 17 in accordarice with the applied identification result Con- 

3S trol circuit 19 controls semiconductor laser driving circuit 18 such that laser chips la and lb are switched in accordance 
with the instruction from instructing ciicut 15. Characteristic switching circuit 17 switches the characteristk: of RF 
demodulating circuit 16 for performing reproduction suitable for the optical disk nrx>unted to the apparatus in accordance 
with the instruction from instructing circuit 1 5. 

[0041] Referring to Fig. 4, semiconductor laser 1 includes, in additk)n to laser chips la and ib. a base lc to which 
40 these laser cNps la and lb are nxximed, and a package Id for ac com modating laser chips la and lb and base 1c. 
Three notches kl . 1^ and K3 are formed in package 1 d and laser chips la and 1 b are mounted such that their emittanoe 
openings PA and PB are arranged on an imaginary line between notehes k2 and Id. SerrioonductDT laser 1 is posi- 
ttoned such that the spots which are formed by laser beams from laser chips 1 a and lb on signal recording surface 9a 
or 99a are symmetrically arranged on either side of the track. More specifically, semiconductor laser 1 is positioned 
45 such that the directkm of k2-k3 corresponds to the direction of trackirig (the radial direction) of the optical disk. The 
arrangement will t>e later described in detail. 

[0042] It is noted that while the akx>ve mentioned laser chips 1 a and 1 b are separately manufactured and mounted to 
base 1c. they may also k>e manufactured together by crystal growth on a single semiconductor SiA>strate. In additton, a 
distance L between emittance openings PA and PB of laser chips 1 a and 1b is for exanple between 1 00pm and SOOpm. 

so [0043] Referring to Figs. 5 to 7, optical device 5 has a central regkm 5b in a round shape and a peripheral regk>n 5a 
thereof. Central region 5b allows transmission of the laser beam with the wavelength of 635 nm without arty change and 
increases a diameter of the laser beam with the wavelength of 780 run by diffractkjn. Thus, a hologram 20 is formed in 
central region 5b. On the other hand, peripheral region 5a allows trar«mission off the laser beam with the wavelength of 
635 nm vwthout any change and sutjstantially shields the laser t>eam with the wavelength of 780 mn by diffraction. 

55 Therefore, a diffraction grating 21 is formed in peripheral region 5a. 

[0044] As shown in Fig. 6. a cross section of central region 5b of optk:al device 5 has protrusions generally in trian- 
gular forms, whereas a cross section of perpheral region 5a has protrusions in square-like forms. More specifically, 
hologram 20 in central region 5b includes a coaxially formed plurality of annular convex portions 22. Each annular con- 
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vex portion 22 has four steps 22a. Pitches PI of annular ootwix portions22 become narrower as closer to the periph- 
eral region so that hologram 20 is provided with a lens effect. A height of each step 22a is determined so that hologram 
20 f unctbns as a lens only for the laser beam with the wavelength of 780 nnrt The height of each step 22a win later be 
described in detai. On the other harxi. diffractfon grating 21 in peripheral region Sa includes a plurality of convex per- 

5 tions ill a striped pattern (hereinafter referred to as striped convex portions) 23 which are formed in the same direction. 
As striped convex portions 23 are formed with constant pitches P2 (preferatsly between Sum and ^2\lm), diffraction grat- 
ing 21 has the same diffraction constants. A height of striped convex portion ^23 is also determined such that diffraction 
grating 21 functions only for the laser beam with the wavelength of 780 nm. The height of striped convex portion 23 wfll 
also be later described in detaO. tt is noted that optical device 5 with such structure can readDy be manufactured by etch- 

90 ing a glass 24. 

[0045] Referring to Figs. 7 to 12. the function of optical device 5 will now be described. 

[0046] As shown in Fig. 7. when a collimated laser beam 25 with the wavelength of 635 nm enters optical device 5. 
the entered laser beam 25 is transmitted through optical device 5 without any diffraction. This is because optical device 
5 does not function at all for laser beam 25 with the wavelength of 635 nm. The transmitted laser beam 25 enters and 
95 iscollectedby abjective lens 7 and is focused on signal recording surface 9a of DVD 26. his nc^ 
of a cross sectfon of optical device 5 is shown in enlargement 

[0047] On the other hand, as shown in Figs. 8 and 9. when collimated laser beam 27 with the wavelength 780 nm 
enters optical device 5. laser beam 28 of laser beam 27, which has t>een transmitted through optical device 5, outwardly 
travels while tnaeasing its diameter. In addition, as the diameter of laser beam 27 entering optical device S is larger 

20 than that of central region £b. laser beam 27 also enters peripheral region Sa. Diffraction grating 21 is formed in perph* 
eral region 5a so that the periphery of laser beam 27 is greatly diffracted toward both right and left sides around laser 
beam 28. More specifically, 4first order diffraction beam 29 due to diffraction grating 21 travels toward the left with 
respect to laser beam 28 in the drawing. Meanwhile, -first order diffraction beam 30 due to diffraction grating 21 travels 
toward the rigKrt with respect to laser beam 28 in the drawir^. Thus, only laser beam 28 which has been transrritted 

2S through central region 5b of optical device 5 is transmitted to and collected by ob|ective lens 7 and is focused on signal 
recording surface 99a of the CD-ROM. As laser beams 29 and 30 which have been transmitted through per^iheral 
region 5a of optical device 5 are greatly diffracted by diffraction grating 21 formed in peripheral region 5a. they do not 
enter ot)ject'ive lens 7. In other words, the periphery of laser beam 27 with the wavelength 780 nm. which has been 
trar^mitted to optical device 5 is sut>stantially shielded by peripheral region 5a of optical device 5. 

30 [0048] Here, laser beam 28 transmitted through optical device 5 and traveling outwardly while inaeasing its diameter 
is -first order diffraction beam LB-1 . Strictly speaking, besides -first order diffraction beam LB-l, there are 0th order dif- 
fraction beam LBO, -ffirst order diffraction beam (not. shown) or the like. However, the intensity of such diffraction beam 
is kept as low as F>osstole. The outwardly traveling -first order diffraction beam IB-I is employed due to the following 
reason. That is. as objective lens 7 is designed for DVD 26. merely shielding of the periphery of laser beam 27 with the 

35 wavelength of 780 nm does not allow accurate focusing of the laser beam, wfach bas been transmitted through objec- 
tive lens 7 in paraDel. onto signal recording surface 99a of CD-ROM 31. Thus, aberration is<:aused. Therefore, a diam- 
eter of cerrtral region of optical device 5 and a shape of hologram 20 formed in central region 5b are determined such 
that an effective numerical aperture of objective lens 7 for 0th order diffractfon beam LBO and -first order diffraction 
beam LB-1 is 0.45. It is noted that in Fig. 8. a part of the cross section of optical device 5 is shown in enlargement 

40 [0049] In the above description, while laser beams 29 and 30 traremitted through peripherEd region Sa of optical 
device 5 are diffracted so that they do not enter objective lens 7. as shown in Figs. 11 and 12, even if laser beams 29 
and 30 enter objective lens 7. they are not focused on the same point 

[0050] Optical device 5 is fixed to actuator 6 for holding objective lens 7 as shown in Fig. 2. Actuator 6 is co nn ec te d 
to servo mechanism 13 shown in Fig. 3. Servo mechanism 13 is responsive to a focusing «rror signal from photodetec- 
45 tor 8 for moving actuator 6 in a direction of an optical axis, and is responsive to a tracking error signal from photodetec- 
tor 28 for moving actuator 6 in the radial direction of the optical disk. As optical device 5 is thus fixed to objective lens 
7. tt moves along with objective lens 7. 

[0051] As described above, optk^al device 5 substantiaDy shields the periphery of laser beam 27 with the wavelength 
of 780 nm and diffracts the central portfon of laser beam 27 outwardly to increase its diameter, thereby focusing laser 
50 beam 27 on signal recording surface 99a of CD-ROM 31 . In addition, optical device 5 alfows transmission of tfie laser 
beam with the wavelength of 635 nm without any diffraction. theret>y focusing laser t>eam 25 on signal reoortfing surface 
9a of DVD 26. 

[0052] Now. a method of determing a heighit hi of each step 22a of annular convex portion 22 having four steps as 
shown in Fig. 13 will be described. 
55 [0053] First, a function of phase difference ^x) as shown in Fig. 14 is assumed. When a period T of the function of 
phase difference is significantiy large as compared with a wavelength A. of the laser beam and a thkiciess of the diffrac- 
tion region, mth order diffraction efficiency i^m is generally provMed in accordance with the foUowing expression <1). 
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1 J A(x)e^i*(x)}exp{H(?2p^ 



(1) 



[0054] Here. A(x) is a transmittance at x A(x)sl is her^nafter assumed. 

[0055] The function of phase difference ^x) shoMm in Fig. 14 is provided in accordance with the foHowving expressions 
(2). 
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(2) 



[0056] Here, n is a refractive index of the material of annular convex portion 22 in hologram 20 and nO is a refractive 
2S index in the vicinity of annular convex portion 22 (usually a retractive index of air). 
[0057] Diffraction efficiencies where nM) and ms±1 are as foOoMfS. 
ifmsO 



ilo « ^{(1 +COS41M + COS2*(x) + COS3M)0)^ + (SIN«x) + S!N24>(x) + SlNS^x))^} 



<3) 



3S 



if m « -1 



^ ^ « -1- {(1 - COS*(x) - COS2«x) + COS3<KjO - SIN^<x) + SiN24»(x) + SIN3*(x))^ 



ifm»1 



+ (1 + COS*(x) - CX)S24>M -COS3*M - SiN«x) - SIN24»(30 + SIN3*(x))*} 



(4) 



^ ^ „ _1_ ((1 - COS4KX) - COS24KX) + COS3*<x) - SIN4»(x) + S\N2Hv) + SIN34)(x))^ 
4ic 

+ (1 + CX^S^x) - CXDS2^{x) - COS3*(x) + SIN*(x) + SIN24»(x) + SINS^x)) ^} 



(5) 



[0058] Fig. 15 is a diagram showing a relation between height hi of each step 22a and diffraction efficiency i|m where 
K^63S nm, nB2.3368 and nOsI . As is apparent from Fig. IS. when hB0.47S|im, 0th order diffraction efficiency t|0 of the 
laser beam with the wavelength of 635 nm is the highest and -first order diffraction efficiency t|-1 and -tf irst order diffrac- 

50 tion efficiency n I are the lowest 

[0059] Fig. 1 6 ts a diagram showing a relation between height hi of each step 22a and diffraction efficiency t|m where 
X«780 rvn, n=s2.3368 and nO=1 . As is apparent from Rg. 16, when ha:0.455|im. -first order diffraction efficiency i|-1 of 
the laser beam with the wavelength of 780 nm is the highest and 0th order diffraction eff icierK:y tiO and -tfust order dif- 
fraction efficiency til are the lowest 

55 [0060] As described above, height hi is determined such ttiat 0th order cfiffraction beam of the laser beam with the 
wavelength of 635 nm and -first order diffraction beam of the laser tDeam with the wavelength of 780 nm are large. As 
shown in Fig. 17. for example, height hi must t>e between 0.448jim and 0.482fim to make 0th order diffraction efficiency 
T|0 for the wavelength of 635 nm at least 90% and -first order diffraction efficiency t^-I for the wavelength of 780 nm at 
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least 70%. 

[0061] Now. a method of determining a height h2 of striped convex portion 23 in diffraction grating 2^ formed in 
peripheral region 5a of optical device 5 will be described. Height h2 is determined in accordance with the followng 
expression (6). Here, m is an integer. X is a wavelength of a laser beam to be transmitted without any diffraction, n is a 
retractive index of a material for striped convex portion 23 in diffraction grating 21 and nO is a refractive Index in the 
vicinity of striped convex portion 23 (usually a refractive index of air). 

h2 = m X x/(n - nO) . 
10062] Given that m=1 . X=635 nm. n=2.3368 and nO^I . then f««0.475|im. 

10063] By determining height h2 as described above, diffraction grating 21 with wavelength selectivity, which allows 
transmission of the laser beam with the wavelength of €35 nm without any diffraction and allows diffraction of the laser 
beam with the wavelength of 780 nm. is formed. 

[0064] It is noted that diffraction grating 21 may be provided with wavelength selectivity by Iwming on diffraction grat- 
ing 21 a fam of cyanme dye having a refractive index which changes with a wavelength. Cyaninedye has a refractive 
index of 1 .50 for the laser beam of the wavelength of 635 nm and a refractive index of 1 .65 lor the laser beam with the 
wavelength of 780 nm. On the other hand, diffraction grating^l formed of glass has a refractive mdex of 1.50 for the 
laser beam of the wavelength of either 635 nm or 780 nm. Thus, the diffraction graUng does not function for the laser 
beam with the wavelength of 635 nm. Accordingly, the diffraction grating with wavelength selectivity, which allows dif- 
fraction of the laser beam with the wavelength of 780 nm but not of the laser beam with the wavelen^ of 635 nm. is 



[Operation of Optical Pickup Device] 



[0065] The operation of the optical pickup device having the above mentioned structure will now be described 
[0066] In reproducing the DVD. laser chip la is activated by senrconductor laser driving circuit 18 as shown in 1=ig 
18. Thus, half of the laser beam with the wavelength of 635 nm emitted from semiconductor laser 1 is reflected by half 
mirror 2. coPimated tyy collimator lens 3. raised by minor 4 and transmitted through optical device 5 without any difffiac- 
tion. The transmitted laser beam is transmitted to and collected by objective lens 7 and focused on signal recording sur- 
face 9a through transparent sifcstrate 9 of the DVD. A spot diameter of the laser beam on the signal recording surface 
is 0.9 (with tolerance of ±0.1 )pm. ^ 
[0067] On the other hand, in reproducing the CD-R or the CD-ROM. as shown in Fig. 1 9, laser chip lb is activated by 
semiconductor laser driving circuit 18. Thus, half of the laser beam with the wavelength of 780 nm emitted from seirt- 
conductor laser 1 is reflected by half mirror 2. collimated by collimator lens 3. raised by rising mirror 4 Thereafter the 
periphery of the laser beam is substantially shielded by optical device 5 and only central portion thereof is increased in 
diameter by diffraction. The laser beam transmitted through central region 5b of optical devk;e 5 is transmitled to and 
collected by objective lens 7 and focused on signal recording surface 99a through transparent substrate 99 of theCO- 
R or CD-ROM. A spot diameter of the laser beam on signal recording surface 99a is 1.5 <with tolerance of iO 1)iim. 
[0068] As descrbed above, according to the embodiment of the present invention. hotogram20 is lonned for allowing 
transmission of the laser beam with the wavelength of 635 nm through the central region of optk»l devk:e 5 arranged 
immediately below objective lens 7 without any diffractkm and tor increasing the diameter of the laser beam with the 
wavelength of 780 nm by diffraction. Further, diffraction grating 21 isfermedfbr allowing transmissfon of the laser beam 
with the wavelength of 635 nm through peripheral region 5a off optical device 5 without any diffraction and for substan- 
tially shielding the laser beam with the wavelength of 780 nm by diffractkm. Therefore, the laser beam with the wave- 
length off 635 nm © focused on signal recoiding surface 9a of the DVD by ot^ecfive lens 7 and the laser beam with the 
wavelength of 780 nm is focused on signal recording surface 99a of the CD-R or CD-ROM 31 . As a resuft. the optical 
pickup devk:e according to the present embodiment is capable off compatibly reproducing the DVO, CD-R andCD-ROM 
[00691 In additkNi. the optical picki4> device emptoys the laser beam with the wavelength of ^ nm whwh is the most 
suitable lor the DVO and also employs the laser beam with the wavelength of 780 nm which is the moot suitable for the 
CD-R or CD-ROM. Thus, the optical pickup device can suitably reproduce any of the DVD. OD-R andCD-«OM 
10070] Further, the optical pickup device is manufactured by simply adding to the conventional optical pk*up device 
one optical dence 5 having botfi hologram 20 and diffraction grating 21 . Therefore, the optical picktp device -can be 
manufactured almost in the same size as that of ttie conventional optical picktp device. 

[0071] Further, as optical device 5 fe fixed to objective lens 7. aocu-ate focusing of the faser beam on the signal 
recording surface can be achieved even if objective lens 7 is moved for focusing and tracking. In addition, as optical 
device 5 does not have any part which would be electrically or mechank^lly influenced, it is less susceptible to break- 
down. 
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[Mcxfification of Optical Oesnce] • 

[0072] While annular convex portion 22 of hologram 20 fomied in central region Sb of the above mentioned optical 
device 5 has steps on the inner side as shown in Fig. 6. it may have sl^ on the outer side as shown in Rg. 20. 
[00731 While annular convex portion 22 of the atxjve mentioned hologram 20 has four steps 22a as shown in Fig. 6. 
it may have seven steps as shown in Fig. 21 and, the rajmber of the steps is not particulariy linnted. 
[00741 While annUar convex portion 22 of hologram 20 has a plurality off steps, annular convex portion 32 having an 
inclined surface 32a instead of steps may be formed. ^ . . 

[0075] While hologram 20 and diffraction grating 21 are formed on the same surface in the above mentioned optical 
device 5 as shown in Figs. 23 and 24. they may be fbnned on mutually opposed surfaces. In this case, the diffraction 
grating may be formed on the surface on the side of objective len$ 7 and hologram 20 on the surface on the opposite 
side as showvn in Fig. 23. or hologram 20 may be formed on the surface on the side of objective lens 7 and diffraction 
grating 21 on the surface on the opposite side as shown in Fig. 24. In the case where hologram 20 and diffraction grat- 
ing 21 are formed by etching, virhen the heights of convex portions 22 and 23 of hologram 20 and diffraction grating 21 
are different, optical device 5 can more easily be manufactured by tiius forming hologram 20 and diffraction grating 21 
on the different surfaces. ^ ^ - 

[0076] In addition, in tiie case of hologram 20 formed o1 annular convex portion 32 having inclined surface 32a. sim- 
llariy. hologram 20 and diffraction grating 21 may be formed on the mutually opposed surfaces as shown in Figs. 25 and 

nMi771 Although diffraction grating 21 is formed in peripheral region 5a in tine above mentioned optical device, alter- 
natively, hologram 33 may also be fonned in peripheral region 5a as shown in Fig. 27. Annular convex portions 22 of 
hologram 33 in peripheral region 5a are coaxially formed in a similar manner as those of hologram 20 in central region 
5b but with prescribed pitches P3. According to optical device 5 shown in Fig. 27. hologram 33 is also formed in per^h- 
eral region 5a so that all of ttie laser beam transmitled to peripheral region 5a would be outwardly diffracted and not 
inwardly diffracted to enter objective lens 7. As a result noise due to the inwardly diffracted laser beam is reduced. 
[0078] H is noted tt«t while annular convex portion 22 shown in Fig. 27 has steps on the inner side, it may also have 
steps on the outer side as shown in Fig. 28. . u 

100791 In addition, although diffraction grating 21 of optical device 5 has tiie same grating constants, it m^ have var- 
ying diffraction constants as shown in Fig. 29. More specifically, the pitches of the sbiped convex portions of the diffrac- 
tion grating formed in peripheral re^on 5a of optical device 5 may gradually beconne narrowirer from ttie right to leftside 

ro^l^^Now a diffraction function of optical device 5 will be described vnth reference to Figs. 30 to 33. 
[0081 1 When a laser beam 27 v«th the wavelength of 780 nm enters optical device 5. tiie central portion of laser beam 
27 which has entered a hologram passes to a laser beam 28 which gradually inaeases its diameter as described 
above The periphery of laser beam 27 which has entered a diffraction grating is significantiy diffracted outwarcfly about 
laser Ijeam 28. Here. +first order diffraction beam 29 on-tiie left side travels vkfhile reducing its diameter, whereas -firet 
onjer diffraction beam 30 on the right side ti-avels while increasing its diameter. 

[0082] As ttie diffraction grating formed in peripheral region 5a of optical device 5 has varying diffraction constants. + 
and -first order diffraction beams 29 and 30 do not travel back to optical device 5 through the same path as they traveled 
fonwaid Thus, noise due to diffraction beams 29 and 30 can be reduced. 

[0083] In addition, peripheral region 5a of optical device 5 needs only substantially shield tiie laser beam wrth the 
wavelengtti of 780 nm and a polarizing filter may be fomied In peripheral region 34a of optical device 34 as shown in 
Fig 34 A hologram is formed in certral region 34b of optical device 34 in a similar manner as described above. The 
polarizing filter formed in peripheral region 34a has a polarization direction in a longitudinal direction of the drawing as 
sh^ in Fig. 35. Thus, peripheral region 34a allows transmission of ttie laser l^eam polarized in the longitudinal direc- 
tion of ft\e drciwing without any diffraction, but sKeWs tiie laser beam polarized in a transverse direction in tiie drawing 
by r^lectance. In ttie optical pickup device having such optical device 34, semiconductor laser 1 must polarize tiie laser 
beam witti the wavelengtii of 635 nm in tiie tongitudinal direction of tiie drawing and ttie laser beam with tiie wavelength 
of 780 nm in the transverse direction in the drawing. Thus, while all of tfie laser beam witti tiie wavelengtii of 635 nm is 
transmitted through optical devfce 34. the periphery of ttie laser beam witti tiie vwavelengtti of 780 nm is shielded by 
peripheral region 34a and only central portion ttiereof is diffracted by ttie hotogram and reaches objective lens 7 whBe 
increasing its diameter. a 
[0084] As shown in Rg. 36. a polarizing glass may be fonned in peripheral regkm 3Sa of optical device 35. A hologram 
is formed in central region 35b of optical device 35 as in ttie case described above The polarizing glass is obtained by 
burning a glass surface on which silver atoms are applied in elongate shapes as shown in Fig. 37 for absorption of ttie 
laser beam witti the wavelengtti of 780 nm. An aspect ratio R1/R2 of the applied silver atoms is between 1 and 5. In 
optical device 35. aspect ratio R1/R2 is s^ to absorb only ttie laser beam witti tfie wavelengtti of 780 nm. Accordingly, 
when such optical device 35 is employed, all of tiie laser beam vwtti ttie wavelengtti of 635 nm is transmitled ttirough 
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optical device 35. whereas the periphery of the laser bfeam with the wavelength of 780 nm is shielded by the polarizing 
glass and the central portion thereof is diffracted to reach objective lens 7 while inaeasing its diameter. 
[0085] It is noted that as the glass needs only shield the beam with the wavelengfli of 780 nm by absorption, a 
colored glass for absoitring the laser beam writh the waveter.-.Oi of 780 nm may be enployed in place of the polarizing 
5 glass. 

[0086] Further, although the central region of the optica! device selectively causes a diffraction phenomenon in 
accordance with the wavelength of the laser beam, the present invention is not limited to this and thet:entral region of 
the optical device may selectively cause diffraction phenomenon in accordance with a plane of polarization of the laser 
beam. More specifically, the central region of the optical device may diffract only laser beam polarized in the transverse 
10 direction in the drawing arxJ not the laser beam polarized in the longitudinal direction in the drawing. 

[Modification of Semiconductor Laser] 

[0087] When laser chips 1 a and 1 b are arranged on the same plane perpendicular to an optical axis as shown in 1=ig. 

15 38, a focal length for collimator lens 3 including a single material varies in accoidance with the wavelength of the laser 
beam. More specif ically, the focal length of collimator lens 3 for the wavelength of 780 nm is longer by 0.15 mm than 
that for the wavelength of 635 nm. Such variation in focal distarx:es way cause chromatic aberration. 
[0088] When laser cNps 1 a and 1 b are arranged on a focal point of collimator lens 3 for the laser beam with the wave- 
length of 635 nm. for example, a laser beam 25 with the wavelength of 635 nm emitted from laser chip 1a is tansnitted 

so through and collimated by collimator lens 3 as shown in Fig. 40A. However, a laser beam 27 with the wavelength of 780 
nm emitted from laser chip lb is not collimated even after K is transmitted through collimator lens 3 as shown in-Rg. 
40B. Thus, laser beam 27 with the wavelength cf 780 nm is not accurately focused on the signal recording surfece of 
the CO-R or CD-ROM by objective lens 7. whereby chromatic aberration is caused. 

[0089] Then, to avoid such chromatic aberration, preferably, laser cNp la is spaced by a fiist focal length F1 from the 
25 collimator lens such that laser beam 25 with the wavelength of 635 nm is transmitted through and collimated by <»ID- 
mator lens 3. and laser chip lb is spaced by a second focal length F2 which is longer than first focal length f 1 by 0.15 
mm from collimator lens 3 such that the laser beam with the wavelength of 780 nm is transmitted through and collimated 
by collimator lens 3 as shown in Fig. 41 B. 

[0090] It is noted that in Fig. 38. a beam spritter36 is ananged between optical de/ice 5 andcdlimator lens 3 in place 
30 of half mirror 2, Thus, a coflecting lens 37 is ananged between beam splitter 36 and photodetector 8 for collecting the 
laser t>eam from beam splitter 36 to photodetector 6. 

[0091] Further, to avoid displacement of optical axes, only one emittance opening may t>e provided for the laser 
beams with wavelengths of 635 nm and 780 nm. As shown in Fig. 42. for example, semiconductor laser 31 has an opti- 
cal waveguide 39 for combining the laser beams with the wavelengths of S35 nm and 780 nm. Optical waveguide 39 is 
35 in a shape of Y as shown in Rg. 43. and includes two incident openings fadng the emittance openings of laser chips 
la and lb respectively, and an emittance opening communicating with these two incident openings. According to such 
semiconductor laser 38, luminous points of the laser beams with the wavelengths of 635 nm and 780 nm are substan- 
tially the same, so that dispiacemeni of optical axes is prevented. 

[0092) While laser chips 1 a and 1 b are mounted to base 1 c adjacem to each other as shown in Fig. 44A and 448. a 
40 prescribed distance PL1 is provided between their emission points PA and PB as shown in Fig. 45. Distance PL1 

responds to a width of laser chips la and lb. which is generally between SOOjim and SSOfim. As displacement of emit- 
tance openings PA and PB may cause aberration, distance PL1 is preferatsly made as small as possible. 
[0093] Then, as shown in Fig. 46. emission points PA and PB are preferably formed offset from the centers of laser 
chips la and lb to reduce distance PL2 therebetween. Alternatively, as shown in Fig. 47, after emission points PA and 
4S PB are formed in the centers of laser chips la and lb. a distance Pt3 between emission points PA and PB may be 
reduced by cutting the side ends of laser chips 1 a and lb which are adjacent to each other. 

[0094] As described above, laser chips 1 a and 1 b are ananged with their one sides acljacent to each other, and the 
distances between emission points PA and PB and one sides thereof are shorter than those between emission points 
PA and PB and the other sides opposite to the one sides, respectively. 
so [009^ Further, semiconductor laser 1 must be provided with a photodetector for monitoring the laser beam emitted 
therefrom. When two laser chips la and lb are provided as described atxve, two photodetectora may be provided cor- 
responding to laser chips 1 a and lb. However, as shown in Fig. 48. a single photodetector 44 is preferably provided for 
monitoring laser beams with the wavelengths of 635 nm and 780 nm leaking from the backsides of laser cNps la and 
IbL 

55 [0096] Semiconductor laser 1 has four terminals 45 to 48. As shown in Fig. 49A, terminal 45 is connected to anode 
electrodes of laser chips la and lb and a cathode electrode of photodetector 44. Tenranal 46 is connected to a cathode 
electrode of laser chjp la. Ternrvnal 47 is connected to a cathode electrode of laser chip lb. Terminal 48 isconnected 
to an anode electrode of photodetector 44. As terminal 45 is connected to one electrodes of laser chips la arxl lb and 
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photodetector 44, the number of terminajs for serroconductor laser 1 is reduced. 

[0097] As shown in Fig. 49B, terminals 45 and 48 may also be connected to the anode and cathode electrodes of 
photodelector 44. respectively. 

[0098] Alternatively, as shown in Fig. 49C. tenrtnal 45 is connected to cathode electrodes of laser chips la and lb 
and photodetector 44. temiinal 46 to the anode electrode of laser chip la. terminal 47 to the anode electrode of laser 
chip 1 b and terminal 48 to the anode electrode of photodetector 44. 

[0099] Alternatively, as shown m Fig. 49D. terminal 45 may be connected to the cathode electrodes of laser chips la 
and lb and the anode electrode of photodetector 44, terminal 46 to the anode electrode of laser chip la. terminal 47 to 
the anode electrode of laser chip lb and terminal 48 to the cathode electrode of photodetector 44. 

[Arrangement of Optical System] 

[0100] Fig. 50 is a top view showing only an optical system of the above described optical pickup device. It is noted 
that, in Fig. 50. a diffraction grating 40 for a three-beam method is arranged between senrdoonductor laser 1 arxl halt 

15 mirror 2. In addition, a Wolla^on prism 41 for collecting the laser beam vnth the wavelength of 635 nm or 780 nm in a 
prescribed position on photodetector 8 is arranged between half mirror 2 and photodetector 8. 
[0101] VMle objective lens 7 and optical device 5 are shown on ttie upper side of mirror 4 in Fig. 50, they are arranged 
immediately above mirror 4. In other words, an optical axis of objective lens 7 is perpendicular to, not parallel to, an opti- 
cal axis of semioonductor laser 1. 

20 [0102] The optical system shown in Rg. 50 is accommodated in body 42 as shovm m Fig. 51 A. Such body 42 is si^ 
ported between two guide shafts 43. As guide shafts 43 are provided in a radial direction of the optical disk, the optical 
pickup device including such optical system and body 42 can move in the radial direction of the optical disk along guide 
shafts 43. Thus, objective lens 7 can be moved in a direction toward or away from a driving axis (a center of the optical 
disk) of a spindle motor 44. . « 

as [01 03] In the optical pickup device shown in Fig. 51 A. an optical axis LN1 of the laser beam entering mirror 4 s aligned 
vkrtth a perpendicular LN2 with respect to two guide shafts 43. so that a relatively long distance GLl is ensured between 
guide shafts 43. . . 

[01 04] Therefore, the optical system is desirably arranged such that optical axis tNl of the laser beam entepng minror 
4 Is angled with respect to perpendicular LN2 for two guide shafts 43 to form an acute angle 6 (of for example between 

30 30*' and 45**). With such arrangement, a distance Gl_2. vifhich is narrower than the above mentioned distance GLl. is 
ensured between guide shafts 43. 

[0105] In the case of the anangement shown in Fig. 51 A. if semiconductor laser 1 is arranged such that a fine LN3 
passing through the emitlance openings of laser chips la and lb is parallel to a main surface of the optical disk as 
shown in Fig. 51 B. the laser beams with the wavelengths of 635 nm and 780 nm from laser chips la and lb can form 

35 beam spots symmetrically on either side of tiie track of the optical disk, respectively. 

[01 06] On the otiier hand, in the case of the arrangement shown in Fig. 52 A H semiconductor laser 1 is arranged such 
lhal line LN3 passing through emittance openings of laser chips la and lb is paraOel to the main surface of the optical 
disk, the laser beams would form beam spots asymmetrically on either side of the track. Thus, as shown in Fig. 52B. it 
is desirable to arrange semiconductor laser 1 such that line UMS passing through the ennittance openings of laser chips 

40 la and lb is angled with respect to the main surface of the optical disk to form acute angle e. wrtch is equal to that 
shown in Fq. 52A. .. , 

[0107] In addition, package Id of semiconductor laser 1 shown in Rg. 528 is provided wnth a notch 1 e wrtiich is parallel 
to the upper and lower surfaces of body 42. With such notch 1 e formed in package Id of semiconductor laser 1 . a thfck- 
ness T2 is obtained for body 42 which is smaller than a thtakness T1 of body 42 shown in Fig. 51 B. 

45 [01 08] While the above described optical picki^ device is mainly directed for reproduction, it m^ also be directed for 
reoord'mg. or both recording and reproduction. 



Claims 
so 1 



An optica! pickup device performing recording and/or reproducing for a first optical disk (26) having a first transpar- 
ent substrate (9) and a second optteal disk (31 ) having a second transparent substrate (99) with a thickness greater 
than that of said first transparent substrate (9). comprising : 

an objective lens (7) an^anged oppoate to said first or second optical disk<26, 31): 

laser beam generating means (1 ) tor selectively generating a first laser beam (25) v«th a first v»ravelengtii and 
a second laser beam (27) with a second wavelength different from said first wavelength; arxi 
an optical device (5) an-anged between said objective lens (7) and said laser beam generating means (1 ) and 
having a central region (5b) altowing transmission of said fret laser beam <25) without any diffraction and 
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increasing a diameter of said second laser beam (27).by*diffraction. and having a peripheral region-{Sa) aHow- 
. ing transmission of said first laser beam <25) without any diffraction and substantially shielding *said -second 
laser beam (27) by diffraction or absorption. 

2. The optical pickup device according to claim 1 . wherein said central region {Sb) of said optical device<5) has a holo- 
gram (20) formed thereon. 

3. The optical pickup device according to claim 2. wherein said hologram (20) includes a plurality of annular convex 
portions (22) each having four steps {22a) and coaxially formed, and a height hi of each of^aid steps <^) is 
determined in aocoidance with the following expressions (1) to (5). 



1 J A(x)exp{i«x)}exp{^f25p5) Jd^ 



<1) 



20 



if OSx^i ♦(x) = 0 
4 

if — ^x^— 4<x) = ^(n-n,^l = 4i„<constaiit) 
if f ^t^^T 4<x)-^(n-n.)hl = 2*, 
if |tSx^T ♦(x) = ^(n-n,)hl = 3«. 



•<2) 



if meO 



1 0 = + COS^(x) + COS24»(x) +OOS3*(x))^ (SlN^x) t SIN2«jO SINS^J^)^) 



■<3) 



ifms-l 



4ff 



^ {(1 - COS4(x) • COS2*{x) + COS34^30 - SIN^x) + SIN24<x) +SIN3^x))^ 



+ (1 + COS*(x) - (X>S2*(x) - COS34»(30 - SIN*<x) - SiN2Hx) + SHsi3*(x))*} 



if ms 1 



<4) 



55 



ti.i - 7^ (0 - COS*(x) -COS24>(x) +CX)S3Wx) -SIN^x) + SIN24»(x) + SirM3«x))^ 
+ (1 + COS^ix) - COS2^(x) -COS34»(x) + S\N^x) + SlN2^x) + S!N34Kx))^} 



<S) 



where rim is a mth order diffraction efficiency. 4>(x) is a function of phase differ«ice defned by es^ession 
(2), T is a period of said function of phase difference. A(x) is a transmittanoe, X is said first or second wavelength, 
n is a refractive index of said annular convex portion (22). nO is a refractive index in the vicinity of said annular con^ 
vex portion (22) and ^ is a constant 

4. The optical pickup device according to daim 2. wherein said peripheral region<Sa) of said optical<tevice<Q has a 
diffraction grating (21 ) formed thereon. 
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5. The optical pickup defvice..acxxxdinQ to daim 4, wherein said diffraction grating {21) has varying diffraction con- 
stants. 

6. The optical pickup device according to claim 2, wherein said laser beam generating means (1) polarizes said first 
laser beam (25) in a f rst directen and said second laser beam (27) in a second direction different from said first 
direction, and 

said peripheral region (34a) of said optical device has a polarizing filter formed thereon and having a polariza- 
tion direction perpendicular to said second direction. 

7. The optical pickup device according to daim 2. wherein said peripheral region of said optical device (35) has a 
polarizing glass formed thereon and for absortung said second laser beam<27) with said second wavelength. 

8. The optical pickup de^ce according to daim 1 , wherein said laser beam generating means (1) is a serrnconductor 
15 laser (1) tnduding a package (Id), a first laser diip (la) arranged within said package (Id) and oscillating said first 

laser beam (25), and a second laser chip (1b) arranged wittiin said package <1d) and oscillating said second laser 
beam (27). 

9. The optical pickup device according to claim 8. wherein said cptk»l pickup device moves along two guide shafts 
20 (43) provided in parallel in a racfial direction of said first or second optical disk (26. 31) and further comprises: 

a nvrror (4) arranged immediately below said objective lens (7) and said optical device (5) and reflecting said 
first or second laser beam (25, 27) directed from said semiconductor laser (1) in a cfirection parallel to a main 
surfece of said first or second optical disk (26. 31) in a directksn perpendicular to said main surface of said first 
25 or second optical disk (26. 31): and 

a body (42) supported between said two gukie shafts (43) for containing sakl objective tens (7). said optical 
device (5), said semiconductor laser (1) and said niinor (4). 

an optical axis (LN1) of the laser beam directed to said mirror (4) being angled with respect to a perpendkaiar 
(LN2) passing through said two gukJe shafts (43) to form an acute angle (0). 

30 

10. The optical pjcktp device according to claim 9. wheren a line (L>43) passing an emittance opening (PA) of sakl f irst 
laser chip (la) and an emittance opening (PB) of said second laser chip (lb) is angled witii respect to the main sur- 
face of said first or second optical disk (26. 31 ) to fonn an acute angle (0) equal to said acute angle (0). 

35 11. The optical picktp device according to claim 8. further comprising a cdfimator lens (3) arranged between said opti- 
cal device (5) and said semiconductor laser (1). 

said first laser chip (1a) being spaced by a first distance (F1) from said collimator lens (3) such that said first 
laser beam (25) transmitted through said collimator lens (3) is colBmated, arxl said second laser chip (lb) being 
40 spaced by a second distance {F2) different from sakl first distance (f^l) from said collimator lens (3) such that 

said second laser beam (27) transmitted through sakJ coinmator lens (3) is odiimated. 

12. The optical pk:kup device accor di ng to claim 8. wherein said serraconductor laser (1) further irv;ludes a light 
waveguide (39) having a first inckient opening facing an emittance opening of sakl first laser chip (la), a second 

45 inctient opening facing an emittance opening of sakl second laser chip (lb) and an enriittance opening communi- 
cating with saU first and second inckient openings. 

13. The optical picki43 device according to claim 8, vvhereinsakf first and second las^ 

respective one skies adjacent to each other, and distances between saU emittance openings (PA. PB) of sakJ first 
so and second laser chips (la. lb) and sakl one skies are respectively shorter than cBstances between sakl emittance 
openings (PA, PB) and ottier skJes opposed to sakl one sides. 

14. The optical pickup device according to daim 8. wherein sakl senrvoonductor laser (1) further includes a photode- 
tector (44) arranged on a side opposite to an emittance side of sakl first and second laser chips (la lb) for moni- 

55 toring said first and second laser beams (25. 27) leaked from sakl first and second laser chips (la. lb). 

15. The optical pickup device according to claim 8. wherein sakl semiconductor laser (1) further includes: 
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a first terminal <45) connected to one electrode^ of said fir^ laser chp <1a). one electrode of said second la&er 

chip (1b) and one electrode of said photodetector<44)t 

a second tenminal (46) connected to otfier electrode of said f irst laser chp<la): 

a tfiird terminal (47) connected to other electrode of said second laser ch^ (lb): and 

a fourth terminal (48) connected to other electrode of said photodetector (44). 

16. The optical pickup device according to claim 1, wherein saidfirst wavelength is between €20 nm and 680 nm and 
said secorKi wavelength is between 765 nm and 795 nm. 

17. TTie optical pickup device according to daim 1 . wherein said objective tens (7) is adapted to said fust optical disk 
(26) and has a numerical aperture of between 0.55 and 0.65. 

1 a -me optical pickup device according to dalm 1 . wherein said objective lens (7) has an effective numerical aperture 
of between 0.40 and 0.50 upon incidence of said second laser beam (27). 
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